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Abstract. In small developing cotmtries many significant agroindustrial 
projects are not marginal. Therefore a model is proposed that includes all 
the main components of the sector. This model can be used to evaluate new 
projects, policies, to test the prevailing degree of market imperfection in 
the sector and in general to provide a better understanding of the sector 
so that the economic agents in it can increase their efficiency. This 
approach is based on Samuelson’s proof that a spatial partial equilibrium 
system can be converted into a maximization problem. The approach is exem- 
plified by a model of the chilean wheat sector in 1978. 
Keywords. Economics; n&ellinp; optimisation; agriculture; developing 
countries. 
IiVIROlXlCTICX4 
A naarginalist approach to project evaluation 
might be inappropiate in a small developing 
cotmtry where many agroindustrial projects 
are not marginal. A method is proposed that 
consists of building a model which contains 
all the relevant conponents of the sector 
and the relationships between them. This 
approach is based on Samuelson’s proof that 
a spatial partial equilibrium system can be 
converted into a maximization problem. In 
fact, Samuelson (1952) proved that a spatial 
equilibrium system consisting of a number of 
locations, each having a supply function and 
a demand functicn, can be converted into a 
maximization problem, the maximization of 
the Net Social Payoff (NSP) . We extend this 
approach to include processing plants in a 
multiperiod framework, but the idea is still 
the same: the equilibrium of the system can 
be obtained by maximizing the surplus of the 
economy. 
A limitation of this kind of model is that 
it assumes perfect competition. But on the 
other hand this limitation can be one of its 
uses, to test for competitiveness in the set 
tor being studied. 
The kind of node1 we propose is designed to 
take into account all the main effects a new 
project or policy might have in the sector. 
The solution of the proposed nmdel, besides 
evaluating the new project or policy, gives 
information about changes in input supplies, 
in processing levels in plants, in product 
consunrptian, and in shadow prices. 
Other authors have already extended Samuel- 
son’s model to include both storage and in- 
termediate processing. The nest extensive 
treatment can be fomd in Takayama and Judge 
(1971). Several applications of this type 
of model are reported in Judge and Takayama 
(1973). Ibwever, our approach is somewhat 
different to that of these authors. Their 
nodels are intended to help economic plan- 
ning, ours to evaluate projects (and pol- 
icies) in a free-market context. 
THE K)DEL 
In the rest of this paper I present the 
applicaticn we did for the wheat agroindus- 
trial sector in Chile. 
In Chile, the wheat producing regions are 
different from those where population (and 
flour demand) is concentrated. Since trans- 
port costs are far from being negligible the 
spatial dimension has to be taken into 
account, and so the country is divided into 
regions. Furthermore a special region is 
added, ‘the rest of the world’ F or, in other 
~rds, import and export activities are con- 
sidered. 
Samuelson’s simple spatial node1 is conpli- 
cated by the introduction of intermediate 
processing plants. Wheat before consumption 
is processed in mills. The model has to 
include processing costs and new restric- 
tions : milling capacities. 
The model is further expanded by the intro- 
duction of the time dimension. Wheat is 
harvested in a short span of time, but con- 
sunption is spread throughout the year. To 
handle this problem the year is divided into 
periods and a new activity has to be intro- 
duced: wheat storage, with its own costs and 
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capacities. 
For expository reasons, the model we present 
here is a simplification of the original one. 
The wheat sector can be described in the- 
following way: the country is divided into n 
regions, each of which has a demand for 
flour, a supply of wheat, an aggregate stor- 
age capacity and an aggregate mill capacity. 
Wheat flows from farms into silos, which are 
also supplied from the rest of the world, 
from silos the wheat flows into mills where 
it is processed into flour, then flour is 
distributed for consumption. 
The model is a set of mathematical expre- 
ssions representing the different components 
of the sector and their interrelations. 
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The subindices are: 
i,j,k,n = 1 ,...,n; regions 
t=1 ,...,T; periods 
The variables are: 
X. 
1t : 
'ijt ' 
Vjkt ’ 
WkPt : 
%t : 
“jt ’ 
wheat supply of region i, period t 
amount of wheat s 
*t k 
ipped from farms 
located in the 
.tA 
region to silos lo 
cated in the J region, in period t- 
amount of wheat received in mills of 
the kth region coming from silos 
the jth region, in period t 
in 
flour sent from mills in the kth re- 
gion to consumers living in the 9th 
region, in period t 
flour demand in the P* region, in pe- 
riod t 
amount of imported wheat received by 
silos in the jth region, in period t 
and the parameters are: 
rk : mill yield in the k* region 
: transport cost per unit 
’ : C.
J 
4: 
et : 
storage cost (per period) in the jth 
zone 
processing cost per unit in the kth 
zone 
cost of one unit of imported wheat in 
period t. 
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c] and ct are variable costs. They will diff- into account the fact that the aggregate _. 
e; from the total per unit cost if and only 
if the relevant capacity is restrictive. For 
instance in some region and in some period 
the processing capacity might be restrictive. 
In this case the br unit processing cost of 
this refzion at this time will include a con- 
tributi& to the fixed costs of the plant. 
The interpretation of the restrictions is 
straightforward. Restrictions (2) - (6) are 
balance equations. Equation (2) says that 
for each region wheat shipments are equal to 
the total supply of the period. Equation 
(3) says that for each region and period, 
the stock at the end of the period is equal 
to the stock at the beginning of the period 
plus wheat inflows and minus wheat outflows. 
Equation (4) says that stocks are zero at 
the beeinnine of the first neriod. Eouation 
(5) savs thai for each region and period the 
total flour production is a fixed proportion 
of the wheat being processed. Finally equa- 
tion (6) says that total consumption in each 
region and period is equal to the flour 
WTlY * Expressions (7) and (8) are capaci- 
ty restrictions. In each region and period, 
the wheat stored cannot exceed the storage 
capacity, and the wheat processed cannot 
exceed the mill processing capacity. 
processing capacity of a region is obtained 
by adding up capacity of several mills. A 
way of solving this problem is by dividing 
the mills of a region into groups. Than, 
each of these groups is included in the mo- 
de1 with its own capacity and processing 
costs. An equivalent division can be done 
with the silos. 
lhe n&e1 as presented has various implicit 
assumptions and simplifications. 
i) It is *licit in the lrodel that wheat 
producers have perfect foresight. When farm 
krs are sowing ‘they know the price wheat - 
will have at the time of the harvest. This 
assumption is in accordance with some empirL 
cal evidence. Furthemre it is logically 
plausible. In Chile, mDst of the sowing is 
done when the harvest results of the major 
world &eat producers are known, and there 
is a good forecast of the international 
wheat price that will prevail during the 
time of the domestic harvest. 
ii) For each unit of wheat entering a mill, 
the flour yield is about 76.5%, 21.5% are by- 
products and the remaining 2% are wurities. 
A major part of the byproducts’ output is ez 
ported, and its demand is highly elastic. 
This fact allowed us to consider a fixed 
price for byproducts, and instead of inclu- 
ding a demand for byproducts, we substracted 
the revenue obtained by the sale of byprod- 
ucts from the mill processing cost. 
iii) A significant part of the wheat produc 
tion remains in the rural sector, and &es 
not go through industrial processing. So, 
by wheat supply we mean the net supply of the 
rural sector. The model should improve if a 
rural demand for wheat were included and the 
model considered the gross supply of wheat. 
iv) The model assumes that per unit trans- 
port costs are constant. It further assunms 
that the per unit storage and processing va- 
riable costs are constant. The last assump- 
tion seems unrealistic, especially if we take 
v> A major component of stockholding 
costs is the financial cost. The financial 
cost depends on the price of wheat, i.e. it 
is an endogenous variable of the n~del. In 
order to simplify the model we used an a 
priori estimation of the price of the &eat 
to calculate the financial cost. 
vi) At the time the model was built there 
was a specific tariff that effectively pre- 
cluded flour imports, and for this reason we 
did not include a flour import activity. 
Neither did we include wheat or flour ex- 
ports because they were con@etely unthink- 
able. 
‘IHE OPTIMAL SOLUI’ION 
The dual variable associated with each res- 
triction of the system has an economic inter 
pretation. The dual variable associated 
with restriction (2), pfit, is the market 
- ?$c e of one unit of wheat in a farm of the region in period t. The dual variable 
associated with restriction (31, ps. . 
Jt' ls 
the market pri e of one unit of &eat in a 
-d silo of the J region in period t. The 
dual variable associated with restriction 
(5)) ~l<~, is the market price of one unit 
of wheat in a mill of region k in period t. 
The dual variable associated with restric- 
tion (6) , pent, is the market price of one 
unit of flour in region g , in period t . 
The dual variables associated with restric- 
tions (7) and (8) have a different interpre 
tation. The dual variable associated with- 
1 
restriction (7)) "jt , is the per unit con- 
tribution to fixed costs. The parameter c! 
It 
used in the model only accounts for variable 
costs. If a region has an excess storage 
pacity in a period, then the dual variable 
ca 
1 
“jt is zero, and the operating plants only 
recover their variable costs. If capacity 
is restrictive then the dual variable is 
strictly positive and it gives the per unit 
contribution to the payment of the fixed 
costs. 
The dual variable associated with restric- 
tion (8), &, has a similar interpretation. 
If the supply and demand functions have nor- 
mal slope, then ewression (1) is strictly 
concave, and the maximization problem has a 
unique solution. The solution is character- 
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ized by the Kuhn-Tucker conditions 
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Themeaning of these equations is as fol- 
lows : equation (12) says that in the case of 
nonzero flour consumption its market price 
is equal to the price at which the arnxmt 
supplied is demanded, i.e. the flour market 
is in equilibrium, in zone II period t. If 
the market price is too high there is no 
flour consumption. Equation (13) says that 
in case of nonzero production, the market 
price of wheat is equal to the price at 
which the amount demanded is supplied by the 
producers, i .e . the &eat market is in equi- 
librium. If the market price of wheat is 
too low there is no wheat consumption. Equa- 
tion (14) says that the wheat price differen_ 
tial between the ith region and the jth re- 
gion nust be less than or equal to the tranz 
port cost between the two regions, and it 
must be an equality if there are shipments. 
Equation (15) says that the wheat price in a 
silo must be less than or equal to the cost 
of importing wheat plus the cost of transpor 
ting the wheat from the port to the silo. 1-f 
some wheat is imported then both values 
must be equal. 
Equation (16) says that the &eat price dif- 
ferential between two consecutive periods in 
the same region must be less than or equal 
to the stockholding cost. It must be an e- 
quality if there is storage. 
Equation (17) says that if silos in the i* 
region send wheat to mills in the jth re- 
gion, then the price differential between 
the two places is equal to the transport 
cost, if no &eat is sent the per unit trans_ 
port cost exceeds the price differential. 
Fi&L$, equation (18) says that. if millshin 
region supply consumers in the 8 
region, then the price consumers pay is e- 
qual to the price at which mills sell flour 
plus the per unit transport cost. Otherwise 
the per unit transport cost exceeds the 
price differential. 
Then,the solution represents a market equi- 
librium, specifically the competitive equi- 
librium solution. The solution we obtain 
will be close to the actual equilibrium if 
the forecast of the stochastic variables is 
not far from the real values. 
PROJECT EVALLIATION 
The model asses perfect competition, so it 
can only be used to evaluate situations in 
which perfect competition operates. But 
this limitation is one of the uses this kind 
of model has: the detection of market imper- 
fections. which otherwise is a difficult 
task in a multiperiod spatial system. Be- 
fore using this model to do any kind of eva- 
luation, a first run must be used to detect 
market imperfections. 
I will consider first the private evaluation 
of a new mill. Then I will look at the so- 
cial evaluation. Assume that a new mill 
with the capacity for processing K tons of 
wheat per period can be built in one year at 
a total cost of U.S. $ Co. Assume also that 
the mill has a useful life of S years, and 
that the yearly fixed costs are Fs, s=l,..,S. 
To evaluate the project the model has to be 
run for each of the S years. After the mo- 
del has been run for the sth year we can ca!, 
culate this year’s pretax benefit as: 
Bs = ; &I:-Fs, i=l 
(1% 
s=l ,...,S 
This kind of evaluation requires an extra- 
ordinary amount of data, in particular it 
seems cumbersome to have to estimate supply 
and demand curves for future years. But any 
other type of evaluation includes, in one 
manner or other, the same information. Fur- 
thermore we think it is more reliable to 
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mke assumptions on the basic data than on formation about the 
derived data. would have in every 
These values can be used to calculate the REFERENCES 
standard economic and financial project eva- _. _. -_ __ ~ 
effects the new policy 
component of the sector. 
luat ion indicators. 
The social evaluation is quite easy. Let us 
assume that the costs used in the model. in- 
Judge, G.G. and T. Takayama (eds.)(1973). 
Studies in Economic Planning over Space and 
Tk North-Holland, Amsterdam. 
eluding the price of foreign reserves, are e 
qua1 to the social opportunity costs. If 
Sanruelson, P.A. (1952). Spatial Price Equi- 
this is the case, we first run our model in- 
librium and Linear Programning. American 
eluding the new project, for each ear, and 
Economic Review, 42_, 283-303. 
we obtain the economy’s surplus 4s Takayama, T., and G.G. Judge (1971). Spa- 
s=l ,...,S. Thenforeachyearwerunthe tial and Temporal Price and Allocation MD- 
model without including the new project, ob- de&. North-Holland, Amsterdam. 
taining the surplus of each year ESs, 
s=l , . . . ,S. The social benefit is obtained 
simply, for each year. 
% = ES; - ES, - FS, 
(201 
s = l,...,S 
If the economy has some sales taxes, such as 
the 20% value- added tax Chile has, the objet 
tive function of the model IES) no longer I% 
presents the surplus of the ‘economy, &d fo’i- 
hula (20) has to be modified to include tax- 
collection. 
CONCLUSIONS 
The main justification for proposing the use 
of this kind of model in project evaluation 
is that it can easilv handle the indirect ef 
fects of a new project. For instance using- 
the model we could calculate the impact a 
new mill would have on wheat producers, con- 
sumers, silos and other mills. Of course 
the model cannot be large enough to take into 
account all the indirect effects explicitly, 
but it should handle all those that are not 
negligible. We will clarify this point with 
two examples. 
Silos can be used to store other grains. In 
olile, the only other grain that is stored 
in significant amounts is corn, so, we built 
a joint model for wheat and tom. In this 
presentation we have excluded the corn sector 
to simplify the exposition. 
Grains, especially wheat and corn, represent 
a large share of the total cargo handled by 
ports. As a consequence, in those years with 
large grain imports ports are overwhelmed, ig 
creasing waiting time for ships and shipping 
costs for grains as well as for other cormno- 
dities. The inclusion of port activities 
should increase the accuracy of the results 
of the model. 
This kind of model is also suited to policy 
evaluation.. I would be quite easy to eva- 
luate the impact of a new tariff, or a prods 
cers ’ subsidy, or a consLsumers’ subsidy, or 
other policies. Besides evaluating the pol- 
icy the solution of the model would give in- 
